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Abstract 
 
Hearing loss and cognitive impairment are significant health problems, threatening the 
independent function of older adults. While there appears to be a strong relationship between the 
two conditions, the mechanisms underlying this association are complex and are not fully 
elucidated.  
The purpose of this secondary analysis was to explore the relationship between hearing 
ability and cognitive performance in older adults. In addition, this study attempted to examine 
the role of depressive symptoms in the relationship between hearing loss and cognitive 
performance. Comprehensive measures of peripheral hearing, central auditory processing and 
cognitive performance were utilized to examine these relationships in a sample (N = 30) of 
adults aged 60 years and older. The Geriatric Depression Scale (GDS) was used to assess 
depressive symptoms. 
Correlational analyses revealed a statistically significant relationship between central 
auditory processing and executive function. Statistically significant relationships were also 
observed between speed of processing and peripheral hearing as well as central auditory 
processing. No significant relationships were noted between depressive symptoms, hearing 
acuity and cognitive performance. While the correlation coefficients (r) for several of the hearing 
and cognitive performance measures were not statistically significant, medium effect sizes were 
detected, suggesting a moderate association may exist between these variables.  
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Chapter 1 
Introduction 
 
Background and Significance of the Problem 
The fastest growing segment of the population are older adults, aged 65 years and older. 
According to a 2010 United States Census Bureau report, there are currently over 40 million 
adults aged 65 years or older, representing 13% of the total population (Werner, 2010). 
Consequently, maintenance of functional independence in the older adult through optimum 
health management is vital. Impaired cognition and hearing loss are two pervasive health 
problems that increase in prevalence with age (Gallacher, 2004; Lin, Thorpe, Gordon-Salant, & 
Ferrucci, 2011; Plassman et al., 2011). It is estimated that 1 in 3 adults aged 65 years and older 
have hearing loss (Hearing Loss Association of America [HLAA], 2013). Plassman et al. (2007) 
claim 13.9% of the adult population aged 71 years and older suffers from some level of cognitive 
impairment, ranging from mild impaired cognition to dementia. Hearing loss and impaired 
cognition often contribute to the loss of an individual’s independent function (Agrawal, Platz, & 
Niparko, 2008; Vance, 2009). The social and economic implications associated with these 
conditions for the individual, their family and society are significant and growing. As a result, 
there is an urgent need to increase the clinician’s understanding of how these conditions affect 
this segment of the population. 
There is a strong link between hearing loss and cognitive impairment with adverse effects 
on the older adult’s performance of daily activities including driving, ambulation and social 
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interaction (Lin et al., 2011; Lin et al., 2013; Lin et al., 2004; Wahl et al., 2013). In addition, 
impaired cognition and hearing loss are both related to depressive symptoms, diminished quality 
of life and are major contributors for institutionalization of the older adult. (Boi et al., 2012; 
Luppa et al., 2010; Sands et al., 2002; Spira, Rebok, Stone, Kramer, & Yaffe, 2012). However, 
the relationship between hearing loss and cognitive impairment is complex. Although several 
studies have clearly documented that hearing loss is independently associated with reduced 
cognitive functioning, the underlying mechanisms that link these conditions within the individual 
are not fully understood. Existing research in this area that has attempted to describe this 
relationship often examined only a single measure of hearing or assessed global mental status 
rather than cognitive performance, limiting the insight into the relationship of these conditions. 
There is a lack of evidence that has utilized both peripheral and central auditory measures along 
with multiple measures of cognition to attempt to characterize normal cognitive performance in 
older adults across various hearing levels. In addition, there is limited insight into the role of 
depressive symptoms and its potential impact on cognitive performance in older adults with 
hearing loss. 
Currently, the majority of hearing loss (95%) can be effectively treated with hearing aids, 
hearing-assistive devices and aural rehabilitation (Sprinzl & Riechelmann, 2010). However, only 
about 20% of individuals who could benefit from amplification ever receive treatment (HLAA, 
2013). One of the main barriers to treatment is the health care provider’s underestimation of the 
negative physical and emotional impact of hearing loss in the older adult (Schneider et al., 2010).  
Lack of hearing screenings by healthcare providers, cost, and perceived stigma associated with 
hearing aid use are other factors that impede the treatment of hearing loss (Wallhagen, 2009).  
 3 
Older adults with reduced cognitive performance who develop acute illness are at greater 
risk for long-term loss of daily functioning (Sands et al., 2002). Cognitive training interventions 
aimed at enhancing cognitive performance have been developed in the past decade. Studies 
reveal cognitive training may minimize the effects of cognitive aging by improving memory 
performance, processing speed and executive function (Greenaway, Duncan, & Smith, 2013; 
Greenaway, Hanna, Lepore, & Smith, 2008; Kinsella et al., 2009; Reijnders, Heugten and van 
Boxtel, 2013; Wang & Hsieh, 2013). Generalizability of the research in this area is limited due to 
small sample sizes; lack of comparison to a control group and significant variability of the 
intervention design. In addition, there is a paucity of evidence for the efficacy of these 
interventions in daily activities associated with living independently (Ball et al., 2002; Kinsella 
et al., 2009). No previous research has been designed to specifically look at the effect of both 
cognitive training and hearing rehabilitation on cognitive performance in older adults. Before 
interventions that address both conditions can be applied, additional research is needed to expand 
the understanding of the relationship between hearing loss and cognitive performance.  
Depressive symptoms are a substantial negative consequence associated with hearing loss 
and cognitive impairment in the older adult (Boi et al., 2012; Brink & Stones, 2007; Gopinath et 
al., 2012; Jungwirth et al., 2011; Spira, Rebok, Stone, Kramer, & Yaffe, 2012). These symptoms 
are manifested in the older adult as agitation, social withdrawal, self-neglect and diminished 
ability to cope with illness (Sutin et al., 2013; Tanner, Martinez, & Harris, 2014). While the 
negative impact of depressive symptoms in the older adult is frequently discussed in the 
literature, no previous studies that have examined the relationship between hearing loss and 
cognitive performance have included measures for depressive symptoms. 
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Statement of the Problem 
 Hearing loss and cognitive impairment are significant health problems, threatening the 
independent function of older adults. There appears to be a strong relationship between the two 
conditions with deleterious effects on the older adults’ performance of many everyday activities 
including driving, ambulation, and social interaction. Quality of life among older adults with 
hearing loss and cognitive performance may also be impacted. There is a paucity of research that 
characterizes cognitive performance in older adults across hearing levels using comprehensive 
measures of both hearing and cognition. Further, little is known about the influence of depressive 
symptoms on the relationship between hearing acuity and cognitive performance. This gap in 
literature needs to be addressed before interventions aimed at improving hearing and cognitive 
performance can be tested.  
 
Purpose of the Study  
 The overall purpose of this study was to explore the relationship between hearing ability 
and cognitive performance in older adults. In addition, this study examined whether depressive 
symptoms play a role in the relationship between hearing loss and cognitive performance. 
 
Specific Aims and Research Questions 
The specific aims of this study were: 
1) Explore cognitive performance across varying levels of hearing acuity in older 
adults.  
   Research Question: 
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 1. What is the relationship between hearing acuity and cognitive 
performance in older adults?  
 
2) Explore the impact of depressive symptoms on the relationship between 
hearing acuity and cognitive performance. 
   Research Question: 
2. What is the influence of depressive symptoms on cognitive performance 
in older adults with varying levels of hearing acuity?  
 
Definition of Relevant Terms 
 The following terms are defined for the purposes of this study: 
1. Hearing Loss: Auditory dysfunction arising from degeneration of peripheral auditory 
structures (outer ear, middle ear, cochlea) or central auditory processing nervous 
system (brainstem, midbrain, auditory cortex). 
2. Cognitive impairment: A decrease in function in one or more multiple domains of 
cognitive function. 
 
Significance to Nursing 
 As the population of older adults continues to rise, nurses will increasingly encounter 
older adults with cognitive impairment and hearing loss. It is apparent that the occurrence of 
these conditions can have detrimental effects on the patient’s quality of life and ability to remain 
functionally independent. This study offers essential information on cognitive performance 
across varied levels of hearing and the role of depressive symptoms in the older adult. Nurse 
 6 
researchers will be able to utilize this information in the future to test interventions aimed at 
optimizing hearing and cognitive function in this population. In addition, the counseling and 
education provided by nurses on the benefits of hearing rehabilitation and cognitive training 
interventions will promote successful aging, prolonged autonomy and enhanced quality of life in 
the older adult.  
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Chapter 2 
Review of the Literature 
 
This review of literature is a synthesis of existing research pertaining to hearing status 
and cognitive performance in the older adult. The proposed conceptual model, serving as the 
guiding framework for this exploratory study, is introduced and discussed. In order to understand 
the necessity of this project, it is important to understand the evidence provided by previous 
researchers that supports a link between cognition and hearing in the aging adult. First, hearing 
status of the older adult, including peripheral hearing loss and central auditory processing 
changes of the older adult, is reviewed. Second, cognitive performance, categorized as executive 
function, memory and processing speed, in the older adult is discussed. Third, the link between 
hearing loss and cognitive impairment is explored to emphasize the need for a more in-depth 
understanding of the interaction between these two conditions. Fourth, the role of depressive 
symptoms in the relationship between hearing loss and cognitive impairment is considered. This 
dissertation project helps to fill a gap in the literature by enhancing the understanding of the 
relationship between cognitive performance and hearing status in the older adult. 
 
Conceptual Framework 
 Research is an organized process used to answer questions (Fawcett, 1999). A conceptual 
framework is a vital component of study design as it serves as a guide for the generation or testing 
of theories through research. In addition, it can be regarded as a map used by the researcher for 
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understanding the relationships among variables of interest (LoBiondo-Wood & Haber, 2002).  
For the purposes of this study, designed to explore the relationship between hearing status and 
cognitive performance in the older adult and also investigate the mediating effect of depression, a 
conceptual framework was developed (Figure 1). 
 
Figure 1. Conceptual framework  
 In this conceptual framework, hearing status (peripheral and central auditory processing) 
is purported to have a direct relationship with cognitive performance. Therefore, any hearing 
deficits in the older adult may affect their cognitive performance. In addition, depressive symptoms 
that are associated with hearing impairment may act as a mediator and influence cognitive 
performance. 
 
Hearing Status 
Hearing is a sensory function that is essential for optimal growth and development across 
the human’s lifespan.  It augments an individual’s ability to interact with his or her surrounding 
environment, communicate with others and obtain information necessary for survival. 
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Unfortunately, as an individual ages, hearing acuity diminishes. Age-related hearing loss, also 
known as presbycusis, is the second most common chronic health condition in the older adult 
(Lee, 2013). According to Lin, Thorpe, Gordon-Salant and Ferrucci (2011), hearing loss is more 
prevalent in older men than women and occurs more frequently in white than black individuals.  
It affects the function of both peripheral and central structures of the auditory system (Gates & 
Mills, 2005; Laplante-Levesque, Hickson, & Worrall, 2010). Therefore, it is important to discuss 
peripheral hearing and central auditory processing impairments and it’s impact on the older 
adult. 
 
Peripheral Hearing 
The auditory periphery is composed of the external, middle and inner ear including the 
cochlear and auditory nerve and is responsible for the encoding of sound input. In the older adult, 
degeneration in the peripheral auditory system, in addition to environmental assaults (primarily 
noise), genetics and medical co-morbidities (cardiovascular disease and diabetes) result in 
anatomic, physiologic and functional changes (Parham, Lin, Coelho, Sataloff, & Gates, 2013; 
Tun, Williams, Small, & Hafter, 2012). As a result, the older adult initially experiences a loss of 
pure-tone sensitivity, often greater in the high frequencies (Gates & Mills, 2005; Huang & Tang, 
2010). While the individual may hear speech, their comprehension is reduced. The presence of 
even minimal background noise adds an additional challenge for the older adult (Lee, 2013). 
According to Lee, Matthews, Dubno and Mills (2005), hearing thresholds decline by 
approximately one decibel (dB) per year in individuals aged 60 years and older.  
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Central Auditory Processing 
Central auditory processing (CAP), or sound decoding, occurs in the brainstem, midbrain 
and auditory cortex (Huang & Tang, 2010). The central auditory system is equally vulnerable to 
the same age-related anatomic and physiologic changes as the peripheral hearing structures. In 
the older adult, central auditory processing dysfunction affects speech discrimination, sound 
localization, temporal resolution and binaural processing (Gates & Mills, 2005; Humes et al., 
2012; Tun, et al., 2012).  The prevalence rate of CAP dysfunction has been estimated to be 
greater than 50% in the older adult population (Golding, Taylor, Cupples, & Mitchell, 2006; 
Stach, Spretnjak, & Jerger, 1990). Studies have compared the hearing ability of older adults (60 
years of age and older) with younger adults. The results revealed the older adult, even those with 
normal or only mild hearing loss, had greater difficulty with speech discrimination, especially in 
the presence of background sound, suggesting an age-related central auditory processing 
dysfunction (Dubno et al., 2008; Mazelova, Popelar, & Syka, 2003; Smith, Pichora-Fuller, 
Wilson, & Macdonald, 2012). 
 Although hearing loss itself is not visible, the struggles experienced by an older adult 
when attempting to communicate with others are quite apparent. There are several negative 
consequences associated with hearing impairment in the older adult. The results of numerous 
primary studies suggest hearing loss, regardless of peripheral or central auditory origin, has a 
negative impact on socialization (Brink & Stones, 2007; Gopinath, et al., 2012; McMahon et al., 
2013); the performance of daily activities, such as driving; (Gopinath et al., 2012; Green, 
McGwin, & Owsley, 2013; Hickson, Wood, Chaparro, Lacherez, & Marszalek, 2010; 
Strawbridge, Wallhagen, Shema, & Kaplan, 2000) and health-related quality of life. (Chia et al., 
2007; Kelly-Campbell & Atcherson, 2012). Hearing loss even threatens physical safety 
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(Nachtegaal et al., 2009; Pronk, Deeg, & Kramer, 2013). Further, as hearing loss progresses in 
the older adult, social isolation increases and may hinder an individual from seeking treatment 
(Mick, Kawachi, & Lin, 2014).  
 The hearing status of the older adult has been studied using a variety of cross-sectional 
and prospective design methods with audiometric measurements and self-report questionnaires. 
The majority of existing research reporting the prevalence of hearing loss in the older adult only 
obtained peripheral hearing measurements (pure-tone thresholds) in various testing conditions. 
Large epidemiological studies have been conducted in older adults finding variable prevalence 
rates of hearing loss ranging from 16.1% to 63.1% (Agrawal, Platz, & Niparko, 2008; 
Cruickshanks et al., 1998; Lin, Thorpe, Gordon-Salant, & Ferrucci, 2011). Limitations of these 
studies include inconsistent definitions of hearing loss, the use of a cross-sectional design, and 
offering only between-age group differences. Further, these studies reduce the ability to quantify 
the amount and rate of change in hearing in an individual.  
 Several investigators in this area of research claim the data provided by audiometric 
testing (pure-tone thresholds) is limited. While it provides a measure that may reflect the 
degenerative changes in the auditory system, it does not offer data about hearing loss in everyday 
situations or the extent of the handicap caused by hearing loss (Saito et al., 2010). Therefore, 
they advocate the use of self-report measures as an adjunct to the traditional audiogram to aid in 
hearing assessment. The Hearing Handicap Inventory (HHI), evaluates self-perceived hearing 
handicap (Newman, Weinstein, Jacobson, & Hug, 1990). Data from two longitudinal surveys 
concluded the HHI is a measure not only for the detection of hearing impairment but may also 
predict future depression and social isolation in the older adult with hearing loss (Gopinath et al., 
2012; Saito et al., 2010). In contrast, Hidalgo et al., (2009) reported the HHI was less sensitive 
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than audiometric measures when screening for hearing loss. However, the audiometric criteria 
they used for their study was a threshold level ≥ 40 dB at 1 and 2 kHz, excluding individuals 
with mild hearing impairment. 
Fewer studies have included measures of central auditory processing such as the 
Synthetic Sentence Identification with Ipsilateral Competing Message test or the Dichotic Digits 
test (Gates, Anderson, McCurry, Feeney, & Larson, 2011; Gates, Beiser, Rees, D'Agostino, & 
Wolf, 2002; Gates et al., 2010; Lee, et al., 2005). However, the generalizability of the results to 
other populations of older adults is often limited by smaller sample sizes, failure to report ethnic 
dispersion of the study population and a lack of repeated measures.  
 
Cognitive Performance 
 According to Vance (2009), optimal cognitive performance is vital for successful aging. 
In the older adult, cognitive performance is needed to sustain general health, daily functioning 
and active social engagement. In addition, it is required for an individual to remain in their 
independent dwelling (Luppa et al., 2010). Cognitive performance encompasses several domains. 
For the purposes of this study, the domains of executive function, memory and processing speed 
will be discussed.  
 
Executive function 
Executive functioning is described in the literature as goal-oriented, deliberate thought 
and action or “cognitive control.” It is comprised of several constructs including selective 
attention, inhibitory control and working memory (Weintraub et al., 2013; Zelazo, Craik, & 
Booth, 2004). These skills are required for speech comprehension in the presence of background 
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noise. Formative literature in cognition claims executive function develops rapidly during 
childhood and adolescence but declines during aging (Salthouse & Meinz, 1995). Researchers 
have observed an association between reduced executive function and central auditory 
dysfunction in older adults (Gates et al., 2010; Hommet et al., 2010; Lin, 2011). Even minor 
attentional process impairment can diminish an older individual’s ability to understand speech in 
noise (Tun, Williams, Small, & Hafter, 2012).  There are several other negative consequences 
associated with executive function deficits and impaired central auditory processing in the older 
adult, most importantly safety. Recent longitudinal studies in older adults have observed slower 
gait speed in individuals with executive function deficits and have linked executive function 
decline to an increased risk for falls (Mirelman et al., 2012; Watson et al., 2010). In another 
study, Hickson et al. (2010) observed that older adults with hearing impairment had poorer 
driving performance in the presence of auditory distractors compared to those with normal 
hearing. 
Working memory, a component of executive function, is the limited-capacity actions that 
allow an individual to simultaneously process and manipulate information during tasks and then 
retain the information for a short time. It is essential for speech processing in the presence of 
background sound (Ng, Rudner, Lunner, Pedersen, & Ronnberg, 2013). Research demonstrates 
working memory increases considerably in children, and remains stable over adulthood 
(Weintraub et al., 2013). However, a recent study observed greater diminished working memory 
processes in older adults with hearing loss in noisy compared to quiet listening conditions 
(Mishra, Stenfelt, Lunner, Ronnberg, & Rudner, 2014). Interestingly, Zekveld, George, Houtgast 
and Kramer (2013) demonstrated that individuals with better spatial working memory (SWM) 
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more frequently reported subjective hearing difficulties. These results suggest that older adults 
with better SWM may be more inclined to recognize their hearing impairment. 
 
Processing Speed 
Speed-of-processing has been described as the rate in which sensory input is sent to the 
brain, processed and reacted upon via motor responses (Vance, 2009). In the diminished speed-
of-processing theory, Salthouse (1995) hypothesized that slowed processing speed mediates 
cognitive impairments in the older adult. Subsequent studies of older adults with hearing 
impairment have substantiated this hypothesis (Clay et al., 2009; Gates, et al., 2010; Jungwirth et 
al., 2011). Slowed processing speed and sensory function decline pose daily challenges for the 
older adult as they negatively impact their ability to socialize, drive, complete intellectual tasks 
and practice health-promoting behaviors (Vance, 2009). 
 
Memory 
Memory is the process of information storage and retrieval. In particular, episodic 
memory involves encrypting experiences related to a specific period of time. It is the brain’s 
interface with reality (Weintraub et al., 2013). In the older adult, episodic memory is an early and 
sensitive indicator of neurodegenerative disorders, such as dementia and Alzheimer’s disease 
(Haan & Wallace, 2004; Thies & Bleiler, 2013). Research has revealed that central auditory 
function is affected by memory impairment (Gates, Anderson, Feeney, McCurry, & Larson, 
2008). Further, Jupiter (2012) found a positive correlation between hearing and scores on the 
Mini Mental Status Examination (MMSE) in a sample of nursing home residents.   
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Hearing Loss and Cognitive Impairment 
 It has been well established that the older adult is at increased risk for cognitive 
impairment and hearing loss. Galton first discussed the relationship between sensory impairment 
and cognitive decline over a hundred years ago (Clay et al., 2009). Contemporary research has 
corroborated this association, linking peripheral hearing loss with cognitive impairment in the 
older adult (Lin, 2011; Lin et al., 2011). In a recent longitudinal study, Lin et al. (2013), claim 
cognitive decline is accelerated in older adults with peripheral hearing loss. However, a major 
limitation of these studies is the use of a single measure of hearing by averaging pure-tone 
frequencies (0.5, 1, 2 and 4 kHz) in the better hearing ear (Lin, 2011; Lin et al., 2011; Lin et al., 
2013). Further, this single measurement was obtained only at baseline and does not fully 
represent the higher frequencies, often decreased in older adults. Also, they measured cognition 
with 3MS, a measure of global cognition along with only a single measure of executive function. 
Interestingly, Gates et al. (2010) did not find an association between peripheral hearing loss and 
cognitive impairment. However, they did observe an association between central auditory 
processing dysfunction and reduced cognitive performance. It is important to point out that this 
study only used a global measure of mental status rather than specific tests for the various 
domains of cognitive performance.  
 While several theories have been used to elucidate the observed relationship between 
hearing loss and cognitive impairment, overdiagnosis of hearing loss and cognitive impairment 
needs to be considered in all trials exploring this association. Older adults with hearing loss 
frequently experience difficulty with verbal communication. They may either fail to hear or may 
misunderstand the instructions given by the examiner during cognitive testing. Further, 
individuals with cognitive impairment may not accurately respond during audiometric testing not 
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because they don’t hear the frequency tones, but because they do not understand how to respond. 
This may result in an overdiagnosis of cognitive impairment in older adults with hearing 
impairment or hearing loss in individuals with cognitive impairment (Lin, 2011; Lin, Metter, et 
al., 2011). Eligibility criteria that includes screening measures for hearing and cognition is 
essential to minimize the risk of over diagnosis.  
Recent evidence from a longitudinal study has suggested that central auditory processing 
dysfunction may be an antecedent of Alzheimer’s disease (Gates et al., 2011). Unfortunately, 
hearing loss in the older adult is gradual and it takes about 10 years for an individual to recognize 
the impairment (Bennion & Forshaw, 2012; Davis, Smith, Ferguson, Stephens, & Gianopoulos, 
2007). In addition, hearing loss is often not addressed by primary care providers during routine 
physical examinations (Cohen, Labadie, & Haynes, 2005; McMahon et al., 2013). In the case of 
Alzheimer’s disease, a diagnosis of hearing loss may aid in early identification, treatment and 
hopefully delayed disease progression. It seems apparent there is a lack of longitudinal studies 
that have explored the relationship of hearing loss and cognitive impairment using 
comprehensive measures of hearing and cognitive performance. 
 
Depressive Symptoms, Hearing Loss and Cognitive Impairment 
Epidemiological evidence reports prevalence rates for depressive symptoms ranging from 
15% to 37% in older adult populations (Meeks, Vahia, Lavretsky, Kulkarni, & Jeste, 2011; 
Rodda, Walker, & Carter, 2011). Specifically, Li et al. (2014) estimated moderate to severe 
depression prevalence rates of 11.4% in older adults with at least mild hearing impairment 
compared to 4.9% in older adults without hearing impairment. Several studies report a strong 
correlation between hearing loss and depression in the older adult (Abrams, Barnett, Hoth, 
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Schultz, & Kaboli, 2006; Brink & Stones, 2007; Gopinath, et al., 2012) and have even observed 
an improvement in depressive symptoms following the treatment of hearing loss with hearing 
aids (Acar, Yurekli, Babademez, Karabulut, & Karasen, 2011; Boi et al., 2012). In addition, 
recent evidence suggests depression is also associated with impaired cognitive performance 
(Jungwirth et al., 2011; Spira, Rebok, Stone, Kramer, & Yaffe, 2012). However, the underlying 
mechanisms that link these conditions are not well understood. No prior studies that have 
examined the relationship of hearing loss and cognitive performance have included measures for 
depressive symptoms. Due to the substantial negative consequences associated with depressive 
symptoms, it is important to understand the role of depressive symptoms and its impact on 
cognitive performance in older adults with hearing loss.  
 
Summary 
 This review of the literature provided an overview of the relationship between hearing 
status and cognitive performance in the older adult. In addition, it offered a synthesis of the 
evidence for the link between hearing loss and cognitive impairment, supporting the need for this 
secondary data analysis. There is a vital need for additional evidence to advance the healthcare 
provider and patients’ understanding of the impact of hearing loss on cognitive performance. It is 
clear there is a paucity of studies that explore the relationship of hearing status and cognitive 
performance in the older adult using comprehensive measures of both hearing and cognition. The 
use of comprehensive measures for both hearing and cognitive performance, in addition to self-
report measures for depressive symptoms in this exploratory study adds evidence to enhance the 
understanding of the relationship between hearing status and cognitive performance as well as 
the role of depressive symptoms in the older adult. 
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Chapter 3 
Methods 
 
 This chapter provides a detailed description of the procedures that were utilized to meet 
the specific aims of this exploratory study. First, the study design is outlined. Second, a 
description of the setting and study participants will be presented. The criteria for participant 
inclusion and exclusion are also reviewed. Third, the instruments selected for this proposed study 
are reviewed. Fourth, the study procedures including approvals, subject recruitment, informed 
consent and data collection are explained. Last, the procedures for data analysis are described. 
 
Study Design 
 An exploratory secondary analysis of existing data was planned for the present study. 
Data were obtained from a larger parent study “The Relationship between Visual Status and 
Cognitive Performance in Older Adults,” conducted by Dr. Amanda Elliott. The parent study 
utilized a correlational, cross-sectional design.  
 
Population, Setting and Sample 
Adults aged 60 years and older were recruited through physician referral by medical staff 
at the University of South Florida (USF) Eye Institute, and from an existing patient registry 
obtained from the USF Cognitive Aging Lab. In addition, advertisement flyers were distributed 
in the waiting areas at the Eye Institute. Individuals interested in participation completed a 
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contact card and placed it in a collection box in the waiting area. Data collection for the vision 
testing, cognitive performance measures and the demographic questionnaire was performed at 
the USF Eye Institute. The auditory testing and depression screening were conducted at an 
auditory research laboratory, located in USF’s Department of Communication and Sciences and 
Disorders. The laboratory is supervised by Jennifer Lister, Ph.D., CCC-A, FAAA. In the parent 
study, a total of 50 older adult participants completed the vision and cognitive performance 
measures. These participants were then contacted by telephone after completion of the initial 
study appointment and recruited to attend a second visit to complete hearing testing and 
depressive symptom screening. A subgroup of 30 subjects also completed hearing testing and a 
self-report questionnaire for depressive symptoms. This dissertation project focused on data 
analysis of subjects within this subgroup.  
The sample size in the parent study was determined based on adequate power to detect 
“medium” effect sizes between individual measures of hearing and cognitive performance. In 
bivariate analyses, a sample size of 35 subjects was estimated to provide 80% power, assuming 
2-sided type 1 error rate of .05 to detect a non-zero correlation coefficient of .45 or higher. 
 
Inclusion and Exclusion Criteria 
 Eligibility criteria for the parent study included adults: 1) 60 years of age or older, 2) able 
to understand, read and speak English, 3) with pure tone hearing threshold for 2 frequencies (1 & 
2kHz) <70 decibels (dB) in both ears, 4) with a score of 22 or higher on the Montreal Cognitive 
Assessment. Individuals with near vision worse than 20/200 while wearing their habitual 
correction were excluded, as this prevented completion of the computerized cognitive 
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performance testing. Also, an individual with any disability or health condition (i.e. aphasia) that 
prohibited completion of the study assessments were excluded from study participation. 
Instruments 
The measures selected for this secondary data analysis were categorized as: inclusion to 
determine eligibility for the study, hearing status (peripheral hearing, central auditory processing 
and tympanometry), cognitive performance, depressive symptom assessment and 
demographic/general health questionnaire. A detailed description of each measure is presented 
below. In addition, a summary of the hearing and cognitive performance measures included in 
this analysis is presented in Table 1.  
 
Inclusion  
 Pure-tone hearing thresholds. Using standardized, manual pure tone audiometry, pure 
tones are delivered at 1 and 2 kHz. The participant’s minimum threshold as measured in decibels 
(dB) for the two frequencies are recorded (American Speech-Language-Hearing Association, 
2005). For inclusion in the parent study, participants were required to have a pure tone-hearing 
threshold for 2 frequencies (1 & 2kHz) less than 70 decibels (dB) in both ears, which would 
exclude individuals with severe-profound hearing loss. The typical clinical protocol for manual 
pure tone audiometry is based on a 5-dB step size for signal level variation. Jerlvall and Arlinger 
(1986) compared 5-dB and 2-dB step sizes in a group of individuals with moderate hearing loss 
and a group with normal hearing over two testing sessions. They found high mean correlation 
coefficients between the two sessions for both the 5-dB and 2-dB step sizes (r = 0.84 and 0.96), 
offering evidence of test-retest reliability.  
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Montreal Cognitive Assessment (MoCA). The MoCA is a brief cognitive screening 
instrument developed to assess cognitive impairment. As a global measure of cognition, it 
measures several cognitive functions including, executive function, short-term memory, 
language, attention, working memory and temporal and spatial orientation (Nasreddine et al., 
2005). Each task is weighted differently for scoring. The total possible scores range from 0 to 30, 
with higher scores indicating better cognitive performance. In the parent study, a score of 22 or 
greater was required for participant inclusion. The MoCA takes approximately 10 minutes for 
completion. Freitas, Simões, Marôco, Alves and Santana (2012) provided evidence of construct 
validity using confirmatory factor analysis. The correlations between each cognitive domain and 
the total score for the MoCA were positive and high (r = .77-.80). Internal consistency reliability 
(α = 0.83) has been demonstrated (Nasreddine et al., 2005). See Appendix A for Montreal 
Cognitive Assessment.  
 
Hearing Status 
 The instruments used by the parent study for data collection during the peripheral 
hearing and central auditory processing testing session are displayed in Appendix B.   
 
Peripheral Hearing 
Pure-tone hearing thresholds, air & bone conduction (R_std_PTA, L_std_PTA, 
R_HF_PTA, L_HF_PTA). According to the Guidelines for Manual Pure-Tone Threshold 
Audiometry (American Speech-Language-Hearing Association, 2005), manual audiometry is the 
benchmark for the assessment of hearing status in the clinical setting. Using a standardized 
protocol and calibrated equipment specific for manual pure tone audiometry, a tester (usually an 
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audiologist) delivers a series of tones across eight frequencies (.25, .50, 1, 2, 3, 4, 6, 8 kHz). 
Tone detection is used to determine the individual’s hearing sensitivity, measured in decibels 
(dB), for each frequency in each ear. The results are recorded on an audiogram chart or graph. 
Testing is completed in approximately 20 minutes. Although the equipment is calibrated, 
differences in measurement methods may affect validity and reliability. The use of a standard 
testing protocol minimizes inter-test differences (American Speech-Language-Hearing 
Association, 2005). Test-retest reliability for pure-tone hearing thresholds was previously 
discussed in the section describing inclusion criteria. For the purposes of this study, a pure-tone 
threshold average (PTA) of the frequencies .50, 1 and 2 kHz (standard PTA) and 4, 6, and 8 kHz 
(high-frequency PTA) for each ear was calculated to quantify the hearing level of each 
participant. Hearing status was categorized as: (a) no hearing loss, with PTA between 0 and 25 
dB; mild hearing loss, with PTA between 26 and 45 dB; moderate hearing loss, with PTA 
between 46 and 65 dB and severe hearing loss, with PTA greater than 65 dB. 
Tympanometry (Tymp). Acoustic tympanometry testing is used to evaluate the 
tympanic membrane, middle ear compliance, pressure and gradient. Using a calibrated machine 
(tympanometer), the tester inserts a small probe in the ear canal and the machine delivers a slight 
pressure to the tympanic membrane. Recordings are captured which quantify tympanic 
membrane movement and middle ear air volume and plotted as a tympanogram. The test takes 
about 1 minute to complete and the results are categorized according to the shape of the plot, as 
Type A, B or C. Type A is indicative of normal eardrum and middle ear function. Type B and C 
plots indicate compromised eardrum movement or increased middle ear pressure (Wiley & 
Block, 1979).  In a previous study, Fishpool, Kuhanendran, Swaminathan and Praveen (2009) 
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assessed the predictive validity of tympanometry in a group of pediatric patients. Sensitivity (r = 
0.73) and specificity (r =0.84) was high for tympanometry detecting a middle ear effusion. 
Words-in-noise (WIN). The WIN test measures an individual’s speech comprehension 
in a noisy background environment. The test uses several signal-to-babble (S/B) ratios ranging 
from 0 to 24 dB.  Headphones are placed over an individual’s ears and a recorded voice delivers 
two sets of 35 single words in the presence of the various S/B ratios. The individual is instructed 
to repeat the words to the tester. The background noise gets increasingly louder as the test 
progresses. Scores are recorded as the total percent of correct words and the dB signal-to-noise 
(S/N) threshold, with the possible score range 0 to 100 % correct words, or -2 dB S/N to 26.0 dB 
S/N threshold (Wilson & Burks, 2005). A lower dB S/N threshold indicates better performance. 
WIN testing can be completed in 5 minutes. Speech recognition performances of individuals in 
S/B ratios were compared to performances in speech-spectrum noise in a previous study. The 
results showed similar performances among participants, providing evidence of criterion validity 
(Wilson, Carnell and Cleghorn, 2007). Wilson and McArdle (2007) administered the WIN test to 
a cohort of older veterans at two different sessions (12 months apart). In addition, high test-retest 
reliability was revealed, with an intra-class correlation of  (r = 0.88). 
 
Central Auditory Processing 
Time compressed speech (TCS45, TCS65). Central auditory processing speed is 
evaluated with accelerated speech. A recording of 50 words delivered by a female speaker via 
headphones at 45% and 65% compression is administered to an individual binaurally under 
standardized audiometric testing conditions. TCS is scored as the percent of correct responses of 
the words repeated back to tester and a possible score ranges between 0 and 100. Lower scores 
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indicate poorer speech recognition. The test takes 10 minutes to complete (Wilson, Salomon, 
Sperry, & Bornstein, 1994). 
Synthetic Speech Identification with Ipsilateral Competing Message (SSI-ICM). 
Monaural speech perception is measured with SSI-ICM testing. Headphones are placed over the 
ears of the participant, and a grammatically correct, yet meaningless sentence (e.g. go change 
your car color is red) as well as a meaningful narrative is simultaneously delivered to the same 
ear at the same sound level. The participant must identify the sentence that was presented from a 
list of 10 sentences (Speaks & Jeger, 1965; Feeney & Hallowell, 2000). The SSI-ICM is scored 
as the percent of correctly identified sentences and a score of 80% or more is considered normal 
performance. Poor performance may be a predictor of cognitive impairment (Gates et al., 1996; 
Gates, Beiser, Rees, Wolf & D’Agostino, 2002; Gates, Anderson, Feeney, McCurry & Larson, 
2008). Parallel-test reliability (r = 0.93) was estimated (Dubno, J., & Dirks, D.,1982). 
 Dichotic Sentence Identification (DSI). DSI assesses binaural speech processing. The 
same synthetic sentence stimuli as the SSI-ICM is used. However, one single sentence is 
presented to one ear and a different sentence is simultaneously delivered to the opposite ear. In 
the DSI, the participant must identify both sentences from a list of 10 sentences and it is scored 
as the percent of sentences correctly identified (Fifer, Jerger, Berlin, Tobey & Campbell, 1983). 
In adults, a score of 80% or above is deemed normal performance. Studies of older adults with 
Alzheimer’s disease (AD) have provided evidence of test-retest reliability (r = .79 - .97) and 
poor performance may be a predictor of cognitive impairment, supporting construct validity 
(Gates, Cobb, Linn, Rees, Wolf & D’Agostino, 1996; Gates, Beiser, Rees, Wolf & D’Agostino, 
2002; Gates, Anderson, Feeney, McCurry & Larson, 2011). 
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 Dichotic Digits test (DDT). In the DDT, numbers between one and nine (excluding 
seven) are used. Two pairs of numbers are presented to each ear at the same time. The participant 
is instructed to repeat all four numbers aloud. A total of 25 sets of numbers are used and is 
scored as the percent correct. Scores 90% or above indicate normal performance in adults 
(Musiek, 1983; Kimura, 1961). Studies have evaluated the DDT for test-retest reliability  
(r = .79 - .97) in older adults with and without AD (Strouse & Hall, 1995). In this study, the 
DDT will be used in a population of individuals without AD. 
 Hearing Handicap Inventory (HHI). The screening version of the HHI is a 10-item, 
self-report questionnaire used to identify hearing-related activity limitations. It contains two 
subscales: emotional and social/situational and each is represented by five questions. 
Respondents answer “yes” (4 points), “sometimes” (2 points) and “no” (0 points). The total 
possible score range is 0 to 40. There is a screening version for use in individuals aged 18 to 65 
years and a separate version for older persons over 65 years of age (Zecker et al., 2013). In the 
parent study, both versions of the HHI (as part of the Sensation battery of the NIH Toolbox) 
were utilized. Previous research has demonstrated high internal consistency reliability (α = 0.85 
to 0.93) for both the total scale and subscales (Newman, Weinstein, Jacobson & Hug, 1990).  
 
Cognitive Performance 
The parent study used selected tests from the cognitive performance battery of the 
National Institute of Health (NIH) Toolbox. Additional tests of relevance were also used and are 
described below. The tests are categorized according to the domain they evaluate including 
executive function, processing speed and memory. Psychometric adequacy for the cognition 
battery of the NIH Toolbox was evaluated in English (N = 476). Test-retest reliability of the NIH 
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Toolbox revealed high interclass correlation coefficients (ICC) for the sub-domains of cognitive 
performance (ICC = 0.82-0.96). In addition, convergent validity (r = .48 to .93) and discriminant 
validity (r = .05 to .30) were estimated (Weintraub et al., 2013). See Appendix C for NIH 
toolbox information and cognitive performance instruments.  
 
Executive Function 
 
Controlled Oral Word Association Test (COWAT). The Controlled Oral Word 
Association test utilizes creative and strategic retrieval as well as monitoring of performance, 
mechanisms of executive function (Lezak, 1995; Parker & Crawford, 1992). In this test, 
participants are instructed to verbally produce as many words as possible beginning with three 
letters (C, F, and L). They are given 60 seconds for each letter. The score is the total number of 
words from all three trials. Higher scores indicate better performance. Ruff, Light and Parker 
(1996) provided evidence for test-retest reliability (r = .74). 
Trail Making test A and B (Trl_A, Trl_B). Trail Making Tests are used to assess a 
number of cognitive functions including processing speed, attention and cognitive flexibility 
(Bowie & Harvey, 2006; Salthouse, Atkinson & Berish, 2003; Strauss, Sherman & Spreen, 2006; 
Tombaugh, 2004). While both tests A and B are taken on paper with pencil, each requires the 
participant to connect a different series of 25 inscribed circles, arranged in a semi-random 
manner, in increasing and/or alternating order. Test A primarily measures processing speed and 
contains circles with the numbers 1 through 25. Participants must connect in the numbers in 
increasing order (Bowie & Harvey, 2006). Test B contains both numbers and letters. The 
participant must also connect in increasing order with the added task of alternating between 
numbers and letters (e.g. 1→A→2→B→3…etc.).  This second test requires attention shifts 
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necessary to complete the task correctly. Therefore, it is used as an indicator of cognitive 
flexibility. The test takes 10 minutes to complete. Scores are recorded as the time in seconds 
required to complete each task or may also be reported in the form of a ratio (i.e. B:A) or the 
difference of the two tests (i.e. B-A). Lower scores are indicative of better performance. Because 
of this recording method, participant errors are not reported as such, rather whenever a 
participant does connect two circles in an incorrect order, the examiner will make them aware of 
the mistake and revert them to their position just prior to the error. This allows for mistakes to be 
included within the total time needed to complete the tests (Bowie & Harvey, 2006; Strauss, 
Sherman & Spreen, 2006). While previously published studies have used the trail making A test 
to assess speed of processing, the present study utilized both trail making A and B tests as 
measures of executive function. 
 
Processing Speed 
Pattern Comparison Processing Speed test (PCPS). The Pattern Comparison test is 
part of the NIH Toolbox Cognition battery and utilizes a computerized format. It assesses choice 
reaction time (Weintraub et al., 2013). Participants are presented with two visual patterns and 
instructed to indicate whether the patterns are the same or different using designated keys on the 
keyboard. Participants have 90 seconds to answer as many questions as possible. Scores are 
recorded as the number of correct answers, out of a possible 130, given within the given time 
limit. Higher scores signify better performance. The test takes 3 minutes to complete (Weintraub 
et al., 2013). 
Adaptive Test of Temporal Resolution (ATTR_AC, ATTR_WC). The ATTR uses a 
computerized format to measure the threshold at which the gap is sufficiently wide to be heard as 
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two sounds, also known as the gap detection threshold (Lister, 2011).  Moreover, it assesses an 
individual’s capability to follow the changes in the frequency and intensity of sound over time 
(temporal resolution). In this test, two short intervals of sound are presented, one containing a 
silent gap and one that is continuous. The participant is asked to identify the interval that 
contains the gap. It utilizes both within channel (WC; sounds before and after the gap are of the 
same frequency) and across channel (AC; sounds before and after the gap are of two different 
frequencies). As the program progresses it adapts by shortening and lengthening gaps in order to 
determine the limits at which the participant can detect them. The test takes 15 minutes to 
complete. Scores are reported as the geometric mean of the detectable gap lengths in 
milliseconds (ms). Higher scores are indicative of poorer performance. Test-retest reliability (r = 
.58-.87) was assessed in several studies (Lister, Besing & Koehnke, 2002; Lister, Koehnke & 
Besing, 2000; Lister & Roberts, 2005; Lister, Roberts, Shackelford & Rogers, 2006). For the 
purposes of this study, the ATTR was used to assess speed of processing. However, previous 
researchers have utilized this test as a measure of central auditory processing. 
 
Memory 
Rey Auditory Verbal Learning test (RAV_I, RAV_D). The NIH Toolbox also includes 
the AVLT. It assesses memory in the auditory modality (Weintraub et al., 2013). This task 
involves auditory presentation of a list of 15 unrelated words. The participant is instructed to 
provide both immediate and delayed recall of the words. The task is repeated three times. In 
addition, the parent study added a delayed recall trial assessed 20 minutes after the immediate 
recall trials. The test requires 10 minutes for completion. Two scores are computed: one for the 
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total number of words recalled during the immediate trials and a separate score for the delayed 
trial. Higher scores signify better performance. 
Depressive Symptoms 
Geriatric Depression Scale (GDS). The GDS is a self-report assessment using 15-items 
to identify depressive symptoms in the elderly. Using a paper/pencil format, respondents choose 
“yes” or “no” to answer each question and there are 15 possible total points (Burke, Roccaforte, 
& Wengel, 1991). Scores are categorized as (a) no depressive symptoms (0 to 4), (b) mild 
depressive symptoms (5 to 10) and severe depressive symptoms (11 to 15). The GDS takes 5 
minutes to complete. Conradsson et al., (2013) evaluated the internal consistency of the GDS in 
older adults with and without cognitive impairment (α = .64-.82). In addition, they provided 
evidence for criterion validity as they revealed statistically significant correlations (r = -.59 to 
.73, p < .05) between the GDS and the Philadelphia Geriatric Morale Scale (PGCMS). The GDS 
is displayed in Appendix D. 
 
Demographics  
A paper/pencil demographic questionnaire was administered to each participant. The 
questionnaire obtained information including age, gender, education level, marital status and co-
morbid medical conditions. The present study utilized a portion of this existing, de-identified 
data from the parent study. See Appendix E for demographic/general health questionnaire.  
 
Procedures 
 Dr. Amanda Elliott, the principal investigator of the parent study granted permission for 
the use of the data included in this secondary data analysis. 
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Institutional Review Board (IRB) 
 IRB approval was sought for this exploratory study. The IRB application was submitted 
as an amendment under the parent study and received expedited approval. The IRB approval 
letter is exhibited in Appendix F. 
 
Recruitment/Informed Consent 
 In the parent study, recruitment was initiated following USF Institutional Review Board 
(IRB) approval. Study personnel contacted prospective subjects via telephone for participation. 
Only research assistants and investigators that completed human subjects training and were 
approved by the USF IRB obtained informed consent and conducted testing. Participants 
completed the informed consent process at each testing appointment and unique informed 
consents were obtained for the two testing appointments prior to the initiation of data collection. 
In the parent study, each section of the informed consent was reviewed with the prospective 
participant and they were provided with an opportunity to ask questions prior to signing the 
consent. In addition, participants were encouraged to take time to consider whether they wished 
to participate in the study. Study personnel witnessed their signature and they received a full 
copy of the signed informed consent. 
 
Data Collection 
The measures for this study were collected at two separate appointments. At the first 
testing appointment, participants were screened to determine if they met the eligibility criteria. 
Only those meeting the eligibility requirements completed the testing battery. In order to 
minimize subject burden or fatigue, rest periods were provided every 30-45 minutes at each 
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testing session and participants were encouraged to request additional breaks if needed during 
testing. 
 
Data Analysis 
In the parent study, all data were de-identified and underwent a thorough quality control 
process to ensure consistency of scoring, coding and accuracy of data entry. SPSS (version 21.0) 
was used for data analysis. For this dissertation project, data pertinent to these analyses were 
abstracted and saved to a new file in SPSS. A copy of the codebook from the parent study was 
used to interpret how the data were coded and to identify missing data. The file was kept in a 
password-protected file on a secure server.  Only the investigator and her committee chairs had 
access to these data. In order to address the aims of this study, variables were recoded or new 
variables were created. Following these procedures, a research assistant double-checked the 
coding accuracy of the new data file. The data were examined for outliers and the distribution of 
each continuous variable was examined for skewness and kurtosis using a one-sample 
Kolmogorov-Smirnov (K-S) test. This informed the use of parametric versus non-parametric 
methods and whether transformations (e.g. log base 10) were needed to approximate normal 
distributions. For analyses, demographic variables and the scores of the hearing, cognitive 
performance and depressive symptoms measures were expressed as mean ± standard deviation 
(SD) or frequencies and percentages. 
 
Data Analysis of Each Aim 
 Aim 1. Explore cognitive performance across varying levels of hearing acuity in older 
adults. 
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 Research question: What is the relationship between hearing acuity and cognitive 
performance in older adults? 
 In bivariate analyses, Pearson’s product moment correlations were calculated to examine 
the relationship between the measures of hearing and cognitive performance. The Pearson 
correlations coefficient (r) is an index of the strength of the linear relationship between two 
variables. To correct the family-wise error rate associated with multiple comparisons, a 
Bonferroni correction was applied to adjust the 2-sided p-value <0.05, and an alpha level of .006 
was used define statistical significance in all analyses. In addition, the correlation coefficients 
were used to estimate effect size. According to Tabachnick & Fidell (2007), effect size is the 
measure of the strength of the relationship between two variables. Using Cohen’s (1992) 
definition of effect size, the magnitude was qualified as: (a) small (.10); (b) medium (.30) or (c) 
large (.50). 
 Aim 2. Explore the impact of depressive symptoms on the relationship between hearing 
acuity and cognitive performance. 
 Research question: What is the influence of depressive symptoms on cognitive 
performance in older adults with varying levels of hearing acuity? 
 To evaluate the influence of depressive symptoms as a potential mediator on cognitive 
performance in older adults with varying levels of hearing acuity, analyses were employed 
according to Baron and Kenny’s (1986) model of mediation. However, the regression analyses 
did not meet the necessary assumptions. Therefore, Spearman correlation coefficients were 
calculated to examine the strength of the relationships among the variables of interest. 
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Table 1. Summary of Hearing and Cognitive Performance Measures 
Measure Name/Abbreviation Description Data 
Peripheral Hearing 
Standard pure tone average (PTA)  
right & left ear 
R_std_PTA 
L_std_PTA 
Average of pure tone frequencies .50, 1 & 2 kHz for right and left 
ear 
 
 
Measured in decibels (dB). Normal hearing PTA = 0 
to 25 dB; mild loss PTA = 26 to 45 dB; moderate loss 
PTA = 46 to 65 dB; severe loss PTA = > 65 dB  
High frequency pure tone average (PTA) 
right & left ear 
R_HF_PTA 
L_HF_PTA 
Average of pure tone frequencies 4, 6 & 8 kHz for right and left 
ear 
 
Tympanometry Tymp Slight pressure delivered to tympanic membrane to assess middle 
ear function 
Categorized as normal = type A; abnormal = type  
B & C 
Words-in-Noise WIN Single words delivered in various noisy background environments 
(Signal-to-babble ratios) 
Signal-to-babble thresholds (dB); lower  
thresholds = poorer performance 
Central Auditory Processing 
Time Compressed Speech (TCS) TCS45 
TCS65 
Recording of 50 words delivered binaurally at 45% and 65% 
compression 
Percent (%) correct word recognition-two conditions;  
higher % = better performance 
 
Synthetic Speech Identification with Ipsilateral 
Competing Message 
SSI-ICM Meaningless sentence and competing meaningful narrative 
delivered to same ear at same sound level-must identify 
meaningless sentence from list of 10 sentences  
 
Percent (%) correct combined across ears;  
score ≥ 80% = normal performance 
Dichotic Sentence Identification DSI Different meaningless sentences delivered simultaneously to each 
ear-must identify both sentences from list of 10 sentences 
Percent (%) correct sentence identification-both ears;  
score ≥ 80% = normal performance 
Dichotics Digits Test DDT Two pairs of numbers are delivered to each ear simultaneously-
must identify all numbers 
Percent (%) correct identification of 2 or 3 
numbers/ear;  
score ≥ 90% = normal performance  
Cognitive performance 
Executive Function 
Controlled Oral Word Association Test 
COWAT Must verbally produce as many words as possible beginning with 
letters C, F & L (60 seconds for each letter) 
Total number of words produced per letter from all 
three trials; higher score = better performance 
Trail Making Test A and B Trl_A 
Trl_B 
Must connect a series of 25 semi-randomly arranged inscribed 
circles in increasing and/or alternating order. Test A: numbers 
only; Test B: numbers and letters 
 
Total time in seconds for each trial. Lower total  
time = better performance 
Speed of Processing 
Adaptive Test of Temporal Resolution  
(within channel & across channel gap detection 
thresholds)  
 
ATTR_WC 
ATTR_AC 
Two short intervals of sound (one continuous and one containing 
silent gap) delivered-must identify the interval containing gap 
Geometric mean of the detectable gap lengths in 
milliseconds (ms); higher gap detection  
thresholds (GDTs) = poorer performance 
 
Pattern Comparison Processing Speed Test PCPS Two visual patterns are presented-must indicate if patterns are 
same or different  
Total number of correct answers in 90 seconds; higher 
score = better performance 
Memory 
Rey Auditory Verbal Learning Test (AVLT) 
 
RAV_I 
RAV_D 
A list of 15 unrelated words are presented verbally, must provide 
immediate and delayed recall of words (three trials of immediate 
recall, one trial delayed recall after 30 minutes) 
Two scores: total number of words recalled across 
immediate trials and total for delayed trial;  
higher score = better performance 
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Chapter 4 
Results 
 
 In this chapter, the results are presented. First, the preliminary data analyses will be 
described. Second, descriptive statistics for the selected variables included in this secondary data 
analysis will be reported. This will include demographic characteristics as well as a description 
of participant hearing status, cognitive performance and depressive symptom scores. Then, the 
specific results for the specific aims will be presented.  
 
Preliminary Analyses 
 Data were screened for outliers using standardized scores. Standardized scores, or z 
scores, represent the distance a participant lies from the average score on any given variable, and 
is measured in standard deviations. According to Tabachnick and Fidell (2007), scores on any 
variable, which are more than 3.29 standard deviations from the mean, are considered outliers, 
and are in some cases removed from the data. As such, z scores were calculated for each of the 
variables of interest to the study, and were visually assessed for values greater than 3.29, or 
lower than -3.29.  One participant was found to have outlying values for Trail making B. In 
addition, one participant was found to have outlying values for the Adaptive Test of Temporal 
Resolution (across channel) and one participant had outlying values for Synthetic Sentence 
Identification with Ipsilateral Competing Message test. Univariate normality for each continuous 
variable was examined both with and without the outliers using a one-sample K-S test. 
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Significance test scores along with visual inspection of the graphical representation of the K-S 
tests for the variables were evaluated to determine the normality of the data. Outliers were 
removed. Based on the distribution of the data, the variables were categorized as (a) normal 
distribution, (b) positive skewness, (c) negative skewness, (d) positive kurtosis or (e) negative 
kurtosis. Skewness is a lack of symmetry, with the bulk of the scores clustered at one end of the 
distribution. Kurtosis describes the “peakedness” of the distribution of scores (Tabachnick & 
Fidell, 2007). Table 2 displays the distribution of data for the variables used in the present study. 
For all variables with positive and negative skewness, the appropriate transformations were 
conducted. However, for the GDS, HHI, SSI-ICM and R_std_PTA, several various 
transformations were attempted and none were able to contribute to a greater degree of 
normality. Therefore, the data were not transformed (Tabachnick & Fidell, 2007). 
Table 2. Distribution of Data for Variables 
Normal Distribution Positive Skewness Negative Skewness 
R_HF_PTA L_std_PTA TCS45 
DDT R_std_PTA TCS65 
COWAT L_HF_PTA SSI_ICM 
PCPS WIN DSI 
ATTR_AC GDS RAV_I 
RAV_D ATTR_WC  
Trl_A HHI  
Trl_B   
R_HF_ PTA = High frequency PTA right ear; DDT = Dichotic digits test; COWAT = Controlled oral word association; PCPS = Pattern 
comparison processing speed; ATTR_AC = Auditory test of temporal resolution across channel; RAV_D = Rey auditory verbal learning test 
delayed recall; Trl_A = Trail making A; Trl_B = Trail making B; L_std_PTA = Standard PTA left ear; R_std_ PTA = Standard PTA right ear; 
L_HF_ PTA = High frequency PTA left ear; WIN = Words-in-noise test; GDS = Geriatric Depression Scale; ATTR_WC = Auditory test of 
temporal resolution within channel; HHI = Hearing Handicap Inventory; TCS45 = Time compressed speech at 45% compression; TCS65 = Time 
compressed speech at 65% compression; SSI-ICM = Synthetic sentence identification with ipsilateral competing message; DSI = Dichotic 
sentence identification; RAV_I = Rey auditory verbal learning test immediate recall. 
 
Descriptive Statistics 
 Demographic Characteristics 
The results of the demographic characteristics for the sample (N = 30) included in this 
secondary data analysis are presented in Table 3. The age of the participants ranged from 60 to 
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83 years and all participants completed at least 12 years of education. The majority of the sample 
were female and married. There was no racial diversity as all participants were Caucasian/White. 
In regards to health status, most described their health as either “excellent” or “very good,” and 
only a few reported any history of neurologic co-morbidity (e.g. stroke, Parkinson’s disease or 
multiple sclerosis).  
Table 3. Descriptive Characteristics for Participants 
 
Variable M SD n % 
Age 67.70 5.88   
     
Education (years) 15.10 2.45   
     
Sex     
    Female   19 63.3 
    Male      11 36.7 
     
Race     
   White   30 100.0 
     
Marital status     
   Divorced   4 13.3 
   Married   20 66.7 
   Single   4 13.3 
   Widowed   2 6.7 
     
General health status     
   Excellent   4 13.3 
   Very good   14 46.7 
   Good   9 30.0 
   Fair   3 10.0 
     
Neurologic co-morbidity     
   No   25 83.3 
   Yes   5 16.7 
 
 
Hearing Status 
Peripheral hearing. The results of the pure tone air threshold testing for the participants 
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are presented in Figure 2. These scores are consistent with the typical audiogram pattern of high-
frequency hearing loss frequently observed in the older adult. 
 
Figure 2. Mean pure-tone thresholds for participants. 
 
 
The mean pure-tone average scores are presented in Table 4. When comparing ears, there was 
minimal difference in mean standard and high frequency PTA scores for the left and right ear, 
suggesting overall symmetry of hearing thresholds. It should be noted that during individual 
audiometric testing, no conductive or mixed hearing loss was identified and all participants had 
normal tympanometry results. Therefore, any hearing loss that was detected during peripheral 
Table 4. Mean Pure-Tone Average (PTA) Scores for Participants 
Variable n Minimum Maximum M SD 
L_std_PTA 30 10.00 66.67 27.11 13.40 
R_std_PTA 30 11.67 73.33 29.00 15.68 
L_HF_PTA 30 11.67 96.57 48.39 20.57 
R_HF_PTA 30 15.00 100.00 45.83 22.56 
WIN 30 2.00 18.80 7.10 4.21 
Note. Scores for standard and high frequency PTA are reported in decibels (dB). Scores for Words-in-Noise are reported as signal-to-babble 
thresholds (dB). L_std_PTA = Left ear standard pure tone average; R_std_PTA = Right ear standard pure tone average; L_HF_PTA = Left ear 
high frequency pure tone average; R_HF_PTA = Right ear high frequency pure tone average and WIN = Words-in-noise test.  
 38 
hearing testing was classified as sensorineural hearing loss. Only four (13.3%) of the participants 
wore hearing aids. Figure 3 shows the frequencies for the individual results of the standard and 
high frequency PTA categorized by level of hearing loss. 
 
Figure 3. Frequencies for individual level of hearing loss. 
 
For the standard PTA, the majority (86.7%) of the participants fell into the category of 
either no hearing loss or mild hearing loss for both the left and right ear, indicating the sample 
was not evenly distributed among all categories of hearing loss. The high frequency PTA scores 
revealed that just over half of participants (56.7%) fell into the category of moderate or severe 
hearing loss in the left ear, whereas for the right ear, more than half (56.7%) were categorized 
with either no or mild hearing loss.  
Central auditory processing. The results of the central auditory tests are presented in  
Table 5.  For the SSI-ICM and DDT, the test assessed hearing status in the left and right ear and 
then scores were combined scores for a total score. There was a wide range of scores on all tests, 
indicating significant variability in participant performance.  
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Table 5. Mean Central Auditory Processing Test scores for Participants 
Measure n Minimum Maximum M SD 
TCS45 30 30 100 89.63 17.83 
TCS65 30 18 90 65.93 20.16 
SSI-ICM 29 45 100 87.59 13.93 
DSI 30 0 100 73.13 24.57 
DDT 30 40 100 79.27 16.12 
Note. Scores are reported as percent (%) correct responses. TCS45 = Time compressed speech at 45% compression; TCS65 = Time compressed 
speech at 65% compression; SSI-ICM = Synthetic speech identification with ipsilateral competing message; DSI = Dichotic sentence 
identification; DDT = Dichotic digits test. 
 
 
 Hearing Handicap Inventory. Participant scores for the HHI ranged from 0 to 40, with 
a mean and standard deviation of (M =7.93, SD = 10.25). In addition, individual scores were 
categorized by level of perceived handicap as (a) no handicap (score 0 to 9); (b) mild to 
moderate handicap (score 10 to 22); and significant handicap (score 23 to 40), revealed a 
majority of the sample fell into the category of no perceived handicap (63.3%). 
 
Cognitive Performance 
 
Table 6 summarizes the results of the cognitive performance testing for the participants. 
The wide range of scores among the measures implies the sample was heterogeneous in their 
level of cognitive performance. This is confirmed by the observed variability of the standard 
deviations associated with the scores. 
 
Depressive Symptoms  
 Participant scores for the GDS-15 ranged from 0 to 11, with a mean and standard 
deviation of (M = 1.43, SD = 2.30). These results reveal a low level of self-perceived depressive 
symptoms for the sample. The individual scores were categorized by level of depressive 
symptoms and are displayed in Figure 4. These results confirm that the majority of participants 
fell into the category of no depressive symptoms (90%). 
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Table 6. Mean Cognitive Performance Scores for Participants 
Domain/Measure n Minimum Maximum M SD 
Processing Speed      
  PCPS 30 22.00 64.00 42.33 9.63 
  ATTR_AC 28 14.61 80.79 45.61 19.41 
  ATTR_WC 30 1.57 20.38 7.46 5.01 
Executive Function      
  Trl_A 28 21.22 58.41 37.39 9.31 
  Trl_B 27 46.85 168.91 88.77 33.78 
  COWAT 30 20.00 77.00 37.83 12.60 
Memory      
  RAV_I 30 6.00 29.00 20.90 5.61 
  RAV_D 30 0.00 11.00 5.40 2.91 
Note. Scores are reported as total score for PCPS, COWAT, RAV_I and RAV_D; time in seconds for Trl_A and Trl_B and the geometric mean 
of the detectible gap lengths in milliseconds (ms) for ATTR_AC and ATTR_WC. PCPS = Pattern comparison processing speed; ATTR_AC = 
Auditory test of temporal resolution (across-channel); ATTR_WC = Auditory test of temporal resolution (within channel); Trl_A = Trail making 
A test; Trl_B = Trail making B test; COWAT = Controlled oral word association test; RAV_I = Rey auditory verbal learning test immediate 
recall; RAV_D = Rey auditory verbal learning test delayed recall. 
 
 
Analyses for the Specific Study Aims 
 Aim 1 
 The primary aim of this study was to explore cognitive performance across varying levels 
hearing acuity in older adults. To examine the bivariate relationship between these continuous 
variables, Pearson’s correlations (r) were calculated for all measures of hearing acuity and 
cognitive performance. Since each variable was used eight times, a Bonferroni correction to the 
alpha level was used; thus a new alpha level of .006 (.05 / 8) was used to determine statistical 
significance. The correlation coefficients were interpreted to estimate the strength of the 
association between these variables using Cohen’s definition of effect size as (a) small (.10); (b) 
medium (.30) or (c) large (.50) (Cohen, 1992). A positive correlation indicates that as the score 
on one variable tends to increase, the score on the other variable also increases or as when the 
score on one variable decreases, the score on the other variable also decreases. Inversely, a 
negative correlation signifies that as the score on one variable tends to increase, the score on the 
other variable tends to decrease. 
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Figure 4. Frequencies for individual level of depressive symptoms. 
 
Trl_B was significantly negatively correlated with DSI r = -.565, n = 27, p ≤ .006, suggesting as 
scores on DSI decreased, scores on Trl_B increased. This result estimates a large effect size for 
the relationship between Trl_B and DSI. 
Furthermore, a significant positive correlation was observed between ATTR_WC and  
R_ std_PTA r = .548, n = 30, p ≤ .006, indicating as scores on R_std_PTA increased, the score 
on ATTR_WC also increased. In addition, ATTR_WC was significantly negatively correlated 
with DDT r = -.531, n = 30, p ≤ .006, implying as scores on DDT decreased, scores on 
ATTR_WC increased. The strength of these correlations estimate large observed effect sizes for 
the relationship between these variables. Table 7 shows the full Pearson correlation matrix. A 
separate Pearson correlation was calculated to explore the relationship between HHI and the 
measures of cognitive performance. No significant correlations were found and, therefore, the 
results were not included in the full correlation matrix. While the correlations coefficients for 
0
5
10
15
20
25
30
No Depressive
Symptoms (0-4)
Mild Depressive
Symptoms (5-10)
Severe Depressive
Symptoms (11+)
F
re
q
u
e
n
cy
 (
n
)
Depressive Symptoms
GDS-15 scores
 42 
several of the hearing and cognitive performance measures were not statistically significant at 
the adjusted alpha level (p ≤ .006), a medium effect size was observed. Table 8 presents the 
observed effect sizes (r) for these variables. The results suggest a moderate association may exist 
between certain these measures of hearing and cognition.  
 
Aim 2 
The secondary aim of this study was to explore the impact of depressive symptoms on the 
relationship between hearing acuity and cognitive performance. As stated previously, the 
majority of the participants (n = 27) reported no depressive symptoms. Originally, a mediation 
analysis was proposed to utilize linear regression analysis to assess the mediating effect of 
depression on the relationship between hearing loss and cognitive performance. Primary steps of 
the analysis include a determination of the relationship between the independent and dependent 
variables, independent and mediating variables, and mediating and dependent variables (Baron & 
Kenny, 1986).  However, the resulting regression analyses did not meet the necessary 
assumptions and a non-parametric correlational analysis was conducted in place of the 
regression. Spearman correlations were chosen to examine the relationships of interest, as these 
analyses may be used to assess bivariate relationships but do not rely on the same restrictive 
assumptions as a regression analysis. The results revealed no significant correlations between the 
measure of (depressive symptoms) and the measures for the independent variable (hearing status) 
or the dependent variable (cognitive performance).
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Table 7. Pearson Correlations for Hearing and Cognitive Performance Measures 
 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
 
1 L_std_PTA 1.00 .835** .808** .777** .786** -.656** .355 -.326 .643** .630** .116 .166 .171 -.100 .171 .485 .137 .238 
2 R_std_PTA  1.00 .576** .751** .764** -.620** .431 -.471 .668** .646** .062 .041 .027 -.175 .164 .548* .076 .159 
3 L_HF_PTA   1.00 .843** .745** -.540** .347 -.336 .736** .721** -.193 .156 .271 -.085 .262 .419 .341 .039 
4 R_HF_PTA    1.00 .814** -.543* .451 -.517* .697** .716** -.173 .140 .163 -.240 .332 .459 .253 .040 
5 WIN     1.00 -.669** .444 -.533* .852** .795** -.031 .111 .080 -.004 .300 .454 .305 .050 
6 SSI-ICM      1.00 -.575** .458* -.589** -.669** .013 -.343 -.326 -.177 -.194 -.339 -.214 .045 
7 DSI       1.00 -.764** .429 .412 -.172 -.409  -.565* .361 .130 -.313 .282 -.339 
8 DDT        1.00 -.454 -.406 .025 -.438 -.452    .384 -.191 -.531* .005 .136 
9 TCS45         1.00 .841** -.173 .136 -.317 -.033 .252 -.352 .367 -.085 
10 TCS65          1.00 -.213 .078 .153 .019 .318 -.403 .363 -.146 
11 COWAT           1.00 -.055 -.092 -.186 .118 .139 -.573** .449 
12 Trl_A            1.00 .722** -.374 -.292 .051 .138 -.098 
13 Trl_B             1.00 -.477 -.235 -.127 .112 -.140 
14 PCPS              1.00 -.132 -.115 .042 .227 
15 ATTR_AC               1.00 .336 .050 -.161 
16 ATTR_WC                1.00 -.133 .116 
17 RAV_I                 1.00 -.612** 
18 RAV_D                  1.00 
Note. *p ≤ .006 (Bonferroni correction); **p ≤ .001. L_std_PTA = Standard PTA left ear; R_std_ PTA = Standard PTA right ear; L_HF_ PTA = High frequency PTA left ear; R_HF_ PTA = High 
frequency PTA right ear; WIN = Words-in-noise test; SSI-ICM = Synthetic sentence identification with ipsilateral competing message; DSI = Dichotic sentence identification; DDT = Dichotic digits 
test; TCS45 = Time compressed speech at 45% compression; TCS65 = Time compressed speech at 65% compression; COWAT = Controlled oral word association; Trl_A = Trail making A; Trl_B = 
Trail making B; PCPS = Pattern comparison processing speed;; ATTR_AC = Auditory test of temporal resolution across channel; ATTR_WC = Auditory test of temporal resolution within channel; 
RAV_I = Rey auditory verbal learning test immediate recall; RAV_D = Rey auditory verbal learning test delayed recall.
 44 
Table 8. Medium Effect Sizes Observed/Correlation Coefficients that were not Statistically 
Significant at the p ≤ .006 Level 
Cognitive Performance 
 
Hearing  
Trl_A Trl_B PCPS ATTR_AC ATTR_WC RAV_I RAV_D 
 
L_std_PTA     r = .485 
(n = 30) 
  
L_HF_PTA     r = .419 
(n = 30) 
r = .341 
(n = 30) 
 
R_HF_PTA    r = .332 
(n = 28) 
r = .459 
(n = 30) 
  
WIN    r = .300 
(n = 28) 
r = .454 
(n = 30) 
r = .305 
(n = 30) 
 
SSI-ICM r = -.343 
(n = 27) 
r = -.326 
(n = 26) 
  r = -.339 
(n = 29) 
  
DSI r = -.409 
(n = 28) 
 r = -.361 
(n = 30) 
 r = -.313 
(n = 30) 
 r = -.339 
(n = 30) 
DDT r = -.438 
(n = 28) 
r = -.452 
(n = 27) 
r = -.384 
(n = 30) 
    
TCS45  r = -.317 
(n = 27) 
  r = -.352 
(n = 30) 
r = .367 
(n = 30) 
 
TCS65    r = .318 
(n = 28) 
r = -.403 
(n = 30) 
r = .363 
(n = 30) 
 
L_std_PTA = Standard PTA left ear; L_HF_PTA = High frequency PTA left ear; R_HF_PTA = High frequency PTA right ear; WIN = Words-in-
noise test; SSI-ICM = Synthetic sentence identification with ipsilateral competing message; DSI = Dichotic sentence identification; DDT = 
Dichotic digits test; TCS45 = Time compressed speech at 45% compression; TCS65 = Time compressed speech at 65% compression; Trl_A = 
Trail making A; Trl_B = Trail making B; PCPS = Pattern comparison processing speed;; ATTR_AC = Auditory test of temporal resolution across 
channel average; ATTR_WC = Auditory test of temporal resolution within channel average; RAV_I = Rey auditory verbal learning test 
immediate recall; RAV_D = Rey auditory verbal learning test delayed recall. 
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Chapter 5 
Discussion 
 
The purpose of this study was to explore the relationship between hearing ability and 
cognitive performance as well as to examine the influence of depressive symptoms on cognitive 
performance in older adults with varying levels of hearing acuity. The hypothesized conceptual 
framework proposed a direct relationship between hearing status and cognitive performance, and 
that depressive symptoms might act as a mediator, influencing cognitive performance. An 
important aspect of this study was that it is one of only a few studies providing evidence for the 
relationship between hearing acuity and cognitive performance in older adults utilizing 
comprehensive measures of both hearing (peripheral and central auditory processing) and 
cognitive performance (specific for executive function, memory and processing speed). 
Moreover, this innovative study included a self-report assessment for depressive symptoms. To 
the present author’s knowledge, this is one of the first studies that attempted to explore the 
influence of depressive symptoms on the relationship between hearing loss and cognitive 
performance in the older adult. 
The Relationship between Hearing Status and Cognitive Performance 
The primary aim was to explore the relationship between hearing status and cognitive 
performance in the older adults. The results of the current study revealed an inverse linear 
relationship between central auditory processing and executive function indicating that as 
participant performance on the Dichotic Sentence Identification test worsened, the duration of 
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time for completion of the Trail Making B test by participants increased. A positive linear 
relationship was shown between speed of processing and peripheral hearing, signifying that as 
pure-tone thresholds in right ear increased, the within channel gap detection thresholds of the 
Adaptive Test of Temporal Resolution (ATTR) also increased. In addition, an inverse linear 
relationship was observed between central auditory processing and speed of processing, 
indicating that as performance on the Dichotic Digits test worsened, participant performance was 
poorer on the Adaptive Test of Temporal Resolution (within channel thresholds).  While Pearson 
correlations (r) were not statistically significant, moderate effect sizes were detected between 
several of the other measures of hearing (peripheral and central auditory processing) and 
measures for the various domains of cognitive performance. These results support the aspect of 
the hypothesized conceptual model of this study that a direct relationship exists between hearing 
and cognitive performance in older adults. 
The findings in the current study are in concordance with previous cross-sectional studies 
of older adults that have documented a significant relationship between measures of central 
auditory processing and measures of executive function (Gates et al., 2010; Hommet et al., 
2010), and speed of processing (Hallgren, Larsby, Lyxell, & Arlinger, 2001). Central auditory 
processing deficits have also been observed in older adults with impaired cognitive performance 
ranging from mild memory impairment to Alzheimer’s disease (Gates, Anderson, Feeney, 
McCurry, & Larson, 2008; Idrizbegovic et al., 2011). Interestingly, the majority of participants 
in the present study had normal or mild peripheral hearing loss; minimal self-perceived hearing 
handicap and only a minority of participants (13.3%) wore hearing aids. However, the mean 
scores for all central auditory processing measures (except SSI-ICM) were below the normal 
score proposed for adults. These results lend support to other studies that have observed central 
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auditory processing deficits in older adults with similar levels peripheral hearing loss (Gates, 
Feeney, & Mills, 2008; Sanchez, Nunes, Barros, Gananca, & Caovilla, 2008). 
Several epidemiological studies have reported a significant relationship between 
peripheral hearing and global measures of cognition (Gallacher et al., 2012; Lin, Ferrucci, et al., 
2011; Lin et al., 2013), and measures of speed of processing (Lin, 2011; Lin, Ferrucci, et al., 
2011; Lin et al., 2013). In a recent study, Bush, Lister, Lin, Betz and Edwards (2015) 
documented a significant association between peripheral hearing and a measure of global 
cognition, as well as multiple measures of cognitive performance specific for executive function, 
memory and speed of processing in a large cohort of older adults. An important limitation of 
these previous studies is that they only used a single measure of peripheral hearing, either 
calculated as a three frequency (0.5, 1 and 2 kHz) PTA (Bush, Lister, Lin, Betz, & Edwards, 
2015), or a four frequency (0.5, 1, 2 and 4 kHz) PTA (Gallacher et al., 2012; Lin, Ferrucci, et al., 
2011; Lin et al., 2013) in the better hearing ear. Further, these studies did not include measures 
for the higher frequencies, often decreased in the older adult. Therefore, the degree of hearing 
loss may have been underestimated. While not statistically significant in the present study, 
moderate effect sizes were observed between the left high frequency PTA and measures specific 
for speed of processing and memory; and the right high frequency PTA and speed of processing. 
These findings suggest that future studies, which examine the relationship between peripheral 
hearing and cognitive performance, should use hearing measures inclusive of high frequency 
pure tones. 
In the current study, a statistically significant relationship was revealed between 
peripheral hearing and speed of processing. However, this is an unexpected finding as previous 
studies have documented that reduced speed of processing (indexed as within-channel gap 
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detection thresholds of the ATTR) is not directly associated with hearing acuity (Grose, Hall, & 
Buss, 2001; J. Lister, Besing, & Koehnke, 2002; J. J. Lister, Koehnke, & Besing, 2000). One 
possible explanation for this unexpected result in this sample may be the effect of age. Lister, 
Roberts and Lister (2011) compared gap detection thresholds (GDTs) in older adults, young 
adults and children. They found poorer GDTs in the older adults compared to the young adults 
and children, suggesting gap detection capabilities change with age. Other studies have also 
demonstrated that poorer gap detection threshold detection is more associated with age than 
hearing acuity (Grose et al., 2001; J. Lister et al., 2002). In addition, a significant association was 
observed between the words-in noise test (a measure of peripheral hearing) and a verbal learning 
test that assessed memory performance in observed older adults with moderate hearing loss 
(Choi, Shim, Lee, Yoon, & Joo, 2011; Verhaegen, Collette, & Majerus, 2013). Though not 
statistically significant, the current study detected a moderate effects size between the words-in-
noise test and the Rey Auditory Verbal Learning test (immediate recall score), a measure specific 
for memory. Further investigation is needed to explicate the relationship between these variables. 
It should be noted that a small number of cross-sectional (Gates et al., 1996; Idrizbegovic 
et al., 2011) and longitudinal (Gates, Beiser, Rees, D'Agostino, & Wolf, 2002) studies have 
failed to observe a significant relationship between peripheral hearing and cognitive 
performance. Possible explanations for the results of these studies include the use of a single 
measure of hearing that did not include high frequency pure tones (Gates et al., 2002; Gates et 
al., 1996); a low prevalence of hearing loss among participants (Idrizbegovic et al., 2011); and 
the use of a cross-sectional design (Gates et al., 1996; Idrizbegovic et al., 2011).  
The findings of a previous study by Lin et al. (2011) demonstrated older adults with 
peripheral hearing loss were at increased risk for incident dementia (Lin, Metter, et al., 2011). 
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The results of other longitudinal studies have suggested that central auditory dysfunction may 
precede the onset of the clinical manifestations Alzheimer’s disease (Gates, Anderson, McCurry, 
Feeney, & Larson, 2011; Gates et al., 2002). While the prevalence of age-related hearing loss is 
high and there are detrimental negative consequences associated with this condition, it is under 
diagnosed and under treated in this vulnerable population (Agrawal, Platz, & Niparko, 2008; 
Cohen, Labadie, & Haynes, 2005; Gopinath et al., 2012). Therefore, early diagnosis and 
treatment is vital to reduce the negative impact of hearing loss on cognitive performance, 
promoting the maintenance of functional independence in the older adult.  
Gates et al. (2010) assert central auditory processing tests may be more sensitive to 
preclinical cognitive performance deficits than global measures of cognition in older adults. 
However, central auditory processing testing is rarely performed in older adults during routine 
hearing assessment. Since comprehensive hearing and cognition measures were used in this 
study, a significant relationship between hearing and cognition was revealed. These findings 
offer supportive evidence for the addition of central auditory processing tests to routine hearing 
assessment protocols. Moreover, central auditory processing measures should be included in 
future research that explores the relationship between hearing and cognitive performance in the 
older adult.  
 As stated previously, the mechanisms underlying the relationship between hearing and 
cognitive performance are complex. Specific hypotheses that exist within the literature that may 
be used to explain the findings of the present study include: (1) the common cause hypothesis, 
that asserts widespread neural degeneration is responsible for both diminished hearing acuity and 
cognition (Lindenberger & Baltes, 1994) and (2) the sensory deprivation hypothesis, that claims 
reduced sensory input (such as hearing loss) leads to a decline in cognitive performance 
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(Arlinger, Lunner, Lyxell, & Pichora-Fuller, 2009; Lindenberger & Baltes, 1994).  Humes et al. 
(2012) conducted a comprehensive review of 132 studies that examined central auditory 
processing in older adults and concluded, “central auditory declines in aging were most often 
intertwined with age-related declines in peripheral hearing, cognition or both” (p.636). It is 
unlikely that the over-diagnosis theory (previously discussed in Chapter 2), explains the result of 
the current study, as individuals with severe hearing loss or dementia were excluded from 
participation. 
The Influence of Depressive Symptoms on the Relationship between Hearing Acuity and 
Cognitive Performance  
 The second aim was to explore the impact of depressive symptoms on cognitive 
performance in older adults with varying levels of hearing acuity. In this secondary analysis, 
depressive symptoms, as measured by the General Depression Scale (GDS), was not 
significantly correlated to any measure of hearing loss. Furthermore, there were no significant 
correlations between depressive symptoms and the cognitive performance measures. These 
results do not support the hypothesized conceptual model proposed in this study.  
In the older adult, depressive symptoms are two to three times more prevalent than major 
depression (Meeks, Vahia, Lavretsky, Kulkarni, & Jeste, 2011). Previous researchers have 
observed an association between depressive symptoms and hearing loss in older adults (Boi et 
al., 2012; Lee, Tong, Yuen, Tang, & Vanhasselt, 2010; Li et al., 2014; Saito et al., 2010). 
Moreover, an association between depressive symptoms and cognitive performance has also 
been previously reported (Jungwirth et al., 2011; Spira, Rebok, Stone, Kramer, & Yaffe, 2012). 
Considering the findings of previous studies and the prevalence of depressive symptoms in older 
adults, the absence of a significant relationship between these variables in the present study is an 
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unexpected finding. These results may be due to the small sample size of this study and the low 
prevalence of depressive symptoms in this population of older adults.  
Upon review of previous studies that examined the relationship between hearing loss and 
depressive symptoms in older adults, it was observed that overall depressive symptoms scores 
were low in the samples of several studies. For example, Acar, Yurekli, Babademez, Karabulut 
and Karasen (2010) used the GDS to evaluate depressive symptoms before and after hearing aid 
fitting in a sample (N = 34) of older adults. Interestingly, the mean (standard deviation) GDS 
score at baseline was 6.82 (3.95) and decreased to 4.97 (3.46) 3 months following hearing aid 
fitting. In another trial, the mean GDS score prior to hearing aid fitting was 3.1 (2.81) and then 
reduced to 2.6 (2.79) four months after hearing aid fitting (Mulrow et al., 1990). Similarly, 
Metselaar et al (2009) reported low depressive symptom scores on the GDS in a group of older 
adults with hearing loss. The possible score range for the GDS is 0 to 15 points. Scores are 
categorized as (a) no depressive symptoms (0 to 4), (b) mild depressive symptoms (5 to 10) and 
severe depressive symptoms (11 to 15) (Burke, Roccaforte, & Wengel, 1991). The low 
depressive symptom scores reported in these studies, along with the results of current analysis, 
suggest the GDS may not be sensitive enough to detect depressive symptoms in older adults with 
hearing loss and should be further investigated. 
Limitations 
There are several limitations to the present study. This secondary analysis was planned 
after data collection had taken place. The cross-sectional design of the parent study restricted the 
evaluation of hearing status, cognitive performance and depressive symptoms to a single point in 
time. This limits causality. Due to the small sample size of this study, sample variability was 
increased and the statistical power was reduced. Confounding variables, such as age, education 
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and gender were not controlled, increasing the risk of a spurious relationship between hearing 
loss and cognitive performance. In addition, there was no ethnic diversity in this sample of older 
adults. While the homogeneity of the sample may strengthen the internal validity, 
generalizability of these results to younger adults and other racial/ethnic groups is limited.  
   Another limitation is the sampling method. The parent study used a volunteer, or 
convenience method of sampling. Consequently, selection bias must be considered. Last, the low 
prevalence of depressive symptoms and hearing loss in the sample limited the exploration of 
depressive symptoms as potential mediator on cognitive performance. In order to explore the 
relationship between variables as proposed in this study, a larger sample of older adults with 
varying levels of hearing loss, (normal, mild, moderate and severe) and a higher prevalence of 
depressive symptoms (none, mild and severe) is needed. 
 
Conclusion  
 Hearing loss and cognitive impairment are common conditions associated with 
senescence. Previous research has suggested a there is a strong association between these 
conditions, with adverse effects on the older adult’s daily functioning, social interaction and 
quality of life.  In addition, hearing loss and impaired cognition are both related to depression 
and both are major contributors for institutionalization of the older adult. Hence, exploring the 
relationship between these pervasive conditions is vital. The current study sought to explore the 
relationship between hearing loss and depression and the influence of depressive symptoms in a 
small group of older adults. The results showed significant relationships between measures of 
central auditory processing and cognitive performance specific for the domains of executive 
function and speed of processing. Furthermore, a significant relationship was revealed between a 
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measure of peripheral hearing and speed of processing. Due to the low prevalence of depressive 
symptoms in this sample, no significant relationships were observed between hearing loss, 
cognitive performance or depressive symptoms. While not statistically significant, the strength of 
the relationships between several measures of hearing and cognitive performance suggest there 
are moderate effects and requires further investigation.  
 
Recommendations for Future Research 
 In order to expand the existing evidence and the findings of this exploratory study, 
longitudinal studies including larger samples of older adults with greater ethnic diversity are 
needed. Longitudinal studies can assess changes in both groups and individuals. Future studies 
should be designed to include sensitive measures of peripheral hearing (including high frequency 
pure tones), central auditory processing and measures of cognitive performance specific for the 
various domains. The addition of biologic measures may offer additional insight into the 
mechanisms underlying the relationship between these conditions. Stratified sampling methods 
should be employed to recruit participants with normal, moderate and severe hearing loss. 
Eligibility criteria should include the requirement that participants have a higher prevalence of 
depressive symptoms or a confirmed diagnosis of depression. Furthermore, the aims of future 
studies should examine the efficacy of hearing rehabilitation programs that include cognitive 
training exercises. 
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